In vitro stability of pancreatic zymogen granules: roles of pH and calcium.
Purified preparations of pancreatic zymogen granules have the peculiar property of lysing instantaneously at neutral pH, a property clearly irreconcilable with the cytoplasmic pH of the acinar cell. Two important factors known for regulating the stability of secretory granules are calcium and pH. Fluorescence microscopy of acinar cells in the presence of weak bases showed that zymogen granules have an acidic pH. In vivo, abolition of the delta pH by NH4Cl did not induce any lysis of the granules. In vitro, with purified granules, an acidic intragranular pH was measured. This delta pH was produced by a Donnan potential. The importance for granule stability of keeping the intragranular pH acidic has been confirmed in vitro by addition of K+ and nigericin to the suspension medium. These conditions produced alkalinization of the granule matrix and caused instantaneous solubilization of the granules. Concentrations of 15 mM total, and 10 mM free calcium were measured in purified granules. The importance of intragranular Ca2+ was evaluated by means of the ionophore A23187 which induced calcium efflux and granule lysis. The lysis induced by the calcium ionophore was in direct relation with the calcium efflux, since addition of Ca2+ to the medium, at concentrations corresponding to that measured in the granule, relieved the effect. The role of calcium-binding sites on the cytoplasmic surface of the granules was investigated with Ca2+, EGTA, and La3+. Calcium did not have any damaging effects; EGTA induced a slight lysis, while lanthanum yielded a strong and spontaneous lysis at micromolar concentrations. In addition to calcium-binding sites, La3+ would bind to specific sites on the granule that would be directly coupled to maintenance of its stability. These findings suggest that the intragranular acidic pH and calcium are both important for the in vitro stability of the zymogen granule and that purified granules have lost, in the course of purification, some cytoplasmic factors that in vivo, control the permeability of the membrane to protons, and chloride more particularly. Calcium-binding sites and other specific sites probed with La3+, presumably on proteins at the surface of the granule, are also believed to have key roles in preserving the integrity of the membrane and the resulting stability of the granule.